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A METHOD OF FLIGHT MEASUREMENT OF SPINS

By HARTLEY A. SomA and NATEAN F. SCUDDEE

SUMMARY

A method i8 dew-ibed inroluing the use oj recording
turn meters and accelerometer and a 8ensitire aliimeter,
by means of which all of the.phytical quantitie$nece8sary
for the complete determination of the$ight path, motion,
attitude,forces, and couple8 of afully dereloped~p”n can
be obtainedinjfight. Data are givenfor sereral spins of
two training type air-plan8swhich indicate that the ac-
curacy of the results obtained with the method i8 satis-
factory.

The method WU8dereloped by the ATationalAdtiory
committee for Aeronauti.c8at Langley Field as a part of
a general study of the phenomenon of sp”nning. It ia
now being used in an iwesiigatwn to determine how ilM
spinning characteristicsof sewral airplanes are afiected
by txn%mschunge8in their inertia and geometric charac-
%-idics. A shtdy is being made to &rtendthe methodto
include measurementsduring the enhy into and recotw=y
from a spin a8 well a=sduring thefully dereloped ~pin.

INTRODUCTION

The diaco~ery of dangerous spinning characteristics
in a number of &plan= m recent years has focused
attention on the problem of spinning. That the lmowl-
edge concerning the causes and prevention of spins
and reco-rery from them is still inadequate is indicated
by the prevalence of poor and even dangerous spinning
characteristics in airp~anw designed in accordance with
the best current design practice. This incompleteness
of knowledge cannot be attributed entirdy to a Iack of
study of the problem, for much has been learned from
wind-tunnel investigations. The work of wind-tunnel
investigators, however, has usually been handicapped
by a lack of quantitati~e data of the motion and at-
titude of a spinning airphme. Such data, obtained in
flight, therefore would not only be useful in a direct
study of the problem but wouId also be an aid to wind-
tunnel investigations.

The h~ational Advisory Committee for Aeronautics,
in connection with a general researeh on the spinning
problem, has dedoped a method of determining g the
motion of spinning airplanes. Considerable work has
been done on this subject by others, but none of the
previous investigations has been su.fiiciently oomplete
to be satisfactory. The more important work of this
nature is given in References 1, 2, 3, 4, and 5. Refer-
ence 1 gives a thorough analytical treatment of spin-
ning, as -rw41as some results of f3ight measurements.

References 2, 3, 4, and 5 give experimental remdts
obtained in flight by dMerent methods. The data in
Reference 2 were obtained by visual observation, those
in Reference 3 by recording instruments, and those in
References 4 and 5 by cinematographic moms. AI-
though the observations of Reference 2 were v-iswd,
the work is important because the effect of progressive
changes of certain properties of the airphmes was in-
vestigated, whereas, m the experiments of References
3,4, and 5 no changes in characteristics of the airphme
were made.

At the time the flight investigation of spinning vias
started by the ATational Advisory Committee for
Aeronautics some speciaI information was desired with
as littIe delay as possible. The use of flyingmodels

built to scaIe seemed the most promising line of attack
at the time, and since a report on this phase of the
investigation has not been published, it will be briefly
outlined. Two models, one a one-sixteenth scrde
modeI of a training seaplane (NB-1 ) and the other a
one-tweIfth scale modeI of an observation airpkme
(02-E) were used. The momentd ellipsoids, as well
as the dimensions, viere made to scale, as discussed
in Reference 6. The models were Iaunched in a spin,
and photographic and visual observations were made
from which the attitude, rate of rotation, and the
verticid velocity were obtained.

The Ml–l modeI was arranged so that the mass
distribution cnuld be ohanged without varying the
weight or the center of gravity location. This was
done by pIacing two equal weights on a rod passing
through the center of gravity along the Z axis. The
distance between the weights was varied by sliding
them along the rod in opposite directions to positions
equaIly spaced from the center of gravity. The spin
of the modeI was obser~ed for several positions of the
weights. With the mights close to the center of
gravity the X asia was inclined downwards about 30°
from the horizontal. As the weights were progres-
sively mo~ed away from the center of gravity the
inclination of the X a-sis increased until an angle of
about 60° was attained. With further displacements
of the weights the model developed a tendency to
recover against the controls and fintiy would not spin
at sIL Some enlargements of photographic records
obtained with this model are shown in Figure 1: With
the 02–E model an attempt was made to determine
the effect of varied tail sizes, wing arrangements, and
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center of gravity Iocations. These M ter tests,
however, gave no important rcsuh%

The size of modeIs used for tests such as those just
described is Iimited by the height of free drop available.
The tests were made in an airship hangar which was
105 feet high, and the Iargest practicable model span
rm.s about 3 feet. The small size was a serious limita-
tion in that it prevented the mounting of instruments
in the models. Furthermore, the resilts of such tests
are subject ta an unknovm scale effect error. On
account of these disadvantages in the flying model
tests it was decided to continue the investigation
with fuLsize airplanes.

A prehrninary study of the problem indicated that
many quantities would have ta be measured to get a
compIete description of the motion of a spinning
airplane, but that there was some choice in the com-
bination of the quantities wluch were to be measured.
Characteristics of the instruments at hand led to the
selection of the following items for measurement:
Angular velocities about the three airplane axes,
accelerations along thwe axes, and the Yertical ~elocity
of the airplane. In addition to these quantities, records
of the positions of the control surfaces and observa-
tions of engine speed were needed. Measurements
of the moments of inertia of the airplane and of the
propeUer were Iikewise necessary in order that a com-
plete determination of the forces and moments in a
spin could be made.

The method of making these measurements and
computing the results from the inh-urnent records is
the subject of this report. The results obtained with
two airpIanes in a trkd of this method are included to
ilhstrate it and show the accuracy obtained.

APPARATUS

Single component turn meters were used to record
each of the three angu.Isr velocities about the airplane
axes. The actuating mechanism of these instruments
is an electrically driven gyroscope, and is ftiy de-
scribed in Reference 7. A 3-component accelerometer,
mounted at the c. g. of the airplane, recorded the
components of acceleration aIong the airplane axes.
This instrument depends for its operation on the defect-
ion of spring+teel cantilever beams, and is completely
described in Reference 8. The time was obtained by
the use of an electric timer (Reference 9), which imposed
time marks at l-second intervals on the records.

Three separate methods for measuring altitude Ioss
were tried, one using a camera obscura, one a recoding
statoscope, and one a special aItieter. The camera
obscura method of measuring altitude Ioss is not
entirely satisfactory, even though the results are quite
accurate, because the maneuver must be made close to
the ground; furthermore, the labor of viorhg up the
record is considerable. The recording statoscope

method was found to be inaccurate. A balancing type
(Paulin) altimeter (Reference 10) was found to give
results which checked the camera obscura VSIUSSvery
closely, and since it was aJ.sc easy to operate, it was
selected for the tests. In this instrument the travel
of the diaphrag- is limited to only a few thousandths of
an inch by StOpS. The prewre. of the atmosphere on
the diaphragm is balanced by a sp~~, the tension of
which is adjustable by a hand+perated screw having a
special pitch, and connected to a pointer indicating
altitude in feet. When the tension of the spring
balances the atmospheric pressure on the diapbra=gn
the fact is shown by an indicator, and the position
of the pointer then shows the altitude. The aMm-
eter was mounted in the pilot’s cockpit as shown in
I?igure 2.

A controI position recorder (Reference 11) was used
to record the positions of all three controI surfaces.
It was mounted as shown in I?iig 2. Engine speed
was obtained from the pilot’s observations of the
tachometer, which was part of the regular equipment
of the airplane.

The recording instruments were contrdkd by two
switches. One controlled the ggro motors of the turn
meters and the other the ti drum motors, source
Iights, and the timer. This arrangement permitted
the gyromotom to be started in advance of the taking
of records.

Vibration arising from the motor and other sources
Mected the recording accelerometer and turn metem.
This trouble was lessened by mounting them, together
with the batteries required for their operation, on a
single panel which was in turn mounted on sponge
rubber. Figure 3 shows the pagel with the instru-
ments in place.

In this investigation two training biplanes have thus
far been used, the &t a YE-7, and the second an
NY–1. (See F@. 4 and 5.) The important dimensions
of these airphmes are as follows:

VE-7 NY-l
fhw, wwr =d IO~er---- 31*t M ~~es ---------- * * M fUSfIPS.
Chin-&._._ . . .._..__. 4 feet i% fnchee---------- 4 feet6 lnehes.
@w---------------------- 4~t8~e=---------— 4feet Q~~=.
s-.-. -. . . . . . ..-. -.--– l13flncflm-__.. -------- 24Inches.

{
1degree15ndnntee-......- 2 degmea15mfnntes.

‘fi-––----------–– I degreeISmkmtee--. . . . . . 3 degrees.
Dmle.s’e-_- . . .._..__-- Wminutes--------------- 1dea=
tibn-------------..---.- E. L F. lo___________ u. s. A. 27.
LasdfnK_._. . .._._ ..- 7.7poundsPersmmrefoot. 8.5poundsPerSw=e foot.
IVe!ghtduringspfn__ . . . . 2J90pmrnde-------------- 2@0 pounds.
C. Q. pcsftfon_________ 26Beent ?4. L C..-...- 25.Spsreenthi.A. C.
kea, wiuss-.-.._. ___ 2%3 squarefeet. . . . . . . . . . . 282equsrefeet.
-----------–-–—– ~feet * fne~---------- ~feetQ--
~ elevator. . . .._- . . . . L2.2sqnsmfeet------------ 17.6swam feet.
AM Stabflfmr.- . . ..—————Mwnrerefeet------------- 17~sqners fest-
AJe&61L—.-_–.— L77sqnsre feet--- . . ..--– 6.Ssrwre feet.
&a& rnddez--———— 6.77.WMMfeet. . . . . ------- 18.0sqwe feet.
Area,Skims.. . . . ..-- . . ..- 3s.5eqmuefeet---------- 3L4s4narefeet.

MomentdWIpsoid: VW? NY-I
A prfnofpsl._. . .._.— 1476slugfeetI.-..-.l.-. 2#&0slngfeet.:
B prfncfPsL_..._––M86elrwfeet1------------ 2#47slnftfeet.~
a IM-Wti_____ M42e.ltwfeet~.--.-.-————%sS7shwfeeii—..——-

Anglebetwsenthe prfmf--12 dw%s 32mbmtee..-. –1 degres20nsfnntes.
psl Xandbody Xms--

Mamentoffnartfnofpro- 40 dng feet~.-......--—47 slugfeet.i
BeIler.
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FIGURE2.–AltlmWr, wntrol switches,andwnfml-pcsltfonmcorderInpilot’sCcd@t
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FIGmI 3.—Instmment pfmdmcmntedinfronteo&pitd NY-1 me
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TEST PROCEDURE

The airplane is flown to an altitude considered safe
under the circumstance+ and the altimeter is set a
thousand feet Iower, This causes a large deflec-
tion of the btkme needle. The gyroscope motors are
kept running for some time before the spin is started,
in order to warm up the parts affected by their heat,
The airplane is put into a spin from a stall and aUowed
to spin a thousand feet before records are taken. At
the instant the altimeter balance needle indicates that
the proper altitude has been reached the records are
started, The altimeter is then immediately set for a
thoueand feet lower, and the record is stopped just as
the balance needle again indicates the altitude set on
the scale. By this procedure records are obtained
during spins for a thousand feet of altitude loss after
time has been allowed for the spin to become steady
and the instruments to reach full deflection. Any effect
of lag in the instruments is thus eliminated. After the
spin is completed the airphme is returned to the hangar
to be weighed. The result of this weighing is taken
as the weight of the airplane during the spin, since very
little fuel is used in landing and ta~ng to the hangar,

COMPUTATION OF RESULTS

The average value for each of the deflections re-
corded on the film is obtained by finding the area under
the curve and dividing this area by the length. This
process eliminates the effect of oscil~ations, since the
film records include several complete oscillations in
the cases in which periodic fluctuations occurred. The
average value of the deflection with the calibration
curves for the instruments gives the angular velocity
and the acceleration recorded. The time for the rec-
ord is derived from the timing dots or lines, and since
the record was made during a known aItitude change,
the vertical velocity may be derived, A set of film
records is reproduced in Figure 6.

With actual vahrea of rotation, forces and vertical
velocity at- hand, together with knowledge of the weight
and momental elIipscid of the airpIane, computation
of the final results becomes possible. The plan of com-
putation is outlined here. The detailed equations and
notation, including the definition of. the systems of
axes, will be found in the Appendix.

Since some of the data are taken with regard to the
airplane axes and some with regard to the ground
axes, it is necessary to find the relation between the
two sets of axes. Two eimpIe relations are used for
the purpose. The first relation is that the direction
of the axis of rwultant rotations vertical in the ground
system of axes. Its direction in the body system of
axes may be found from the components of rotation
measured with the turn meters. The second relation is

COMMI!PPEE FOR AERONAUTICS

that the component of force perpendicular to this
axis of rotation lies along the X ground axis, Its direc-
tion in the body system of axw may be computed from
the force components registered by the accelerometers
and the direction of the axis of rotation just found.
The direction of the Y ground axis in the body system
of axes may then be found by computing the direction
of a line perpendicular to this ground X-Z plane.
After selecting the correct combination of direction
cosine values, the directio~ of each of the body axes
are known in the ground system of axes. In the course
of these steps it is nec~ary to compute the resultant
force and its direction, which in itseIf is one of the
resmk.

The next step consists in fl.nding the direction of the
flight path in the ground system of axes and then finding
its direction in the body system of axea in terms of the
angle of side slip and angle of attack. The direction of
the flight path in the ground system of ams may be
found after computing the radius of spin and the
horizontal velocity from the horizontal component of
force and the resultant rate of rotation. This hori-
zontal velocity (along the Y ground axis) added vcc-
t.orially to the measured vertical velocity gives the
direction of the flight path in the ground system of
axes. —

The third step involves computation of the aerody-
namic couple acting on the airplane. This is balanced
by the resultant of the inertia couples of the airplane
and of the propeller, The Euler equations are used
in deriving the components of couple for the airplane, ~
and if the angular velocitiw about the principal 8XCS
are computed, the simpIe form of the equations may
be employed. Computation of the components of the
propeIIer inertia coupIes is made in the same way as
wch a computation would be made for a disk, since
m analysis of the case leads to the conclusion that the
~verage of the fluctuating couple acting on the propeller
s equal to the steady couple a disk having the same
moment of inertia would experience. FinalIy, for
be purpose of determining whether the results check
;he requirement of the equations of motion, the direct.iou “
]f the remdtant couple computed for the airplane
done is found in the ground s@em of axes. If the
iata are exact, the component of couple about the Z
yound axis should be zero.

The three steps just described invoMng the dmiva-
,ion of the angular rdation- between the two systems
If axea defining the attitude, the angles of attack and
ide clip, the radius of the spin, verticrd velocity,
esuhnt force acting, and resultant couple acting,
jve much important information, but for the pur-
~ose of the study of spinning there are some other
lesired quantities that may be computed. The spin
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coeihient, an important one of ~hese, is included in
the table of results. It is computed as follows:

Spin coefficient A= $T

where $1= resultant angular velocity

b = span

V=veIocity along the flight path.

bother quantity, which may be of value in this study,
is the position of the center of pressure for the whole
airplane with regard to the c. g. It can be easily
derived, since the aerodynamic moment is the sole
source of the couple that balances the dynamic couples
arising from the airplane and propeller.

RESULTS

Some samplm of the data taken in flight are shown
in Table I and the numerical results mentioned above
are shown in Table 11. In the Iast column of Table I
remarks are given relating to the position of the con-
trols during the spin. By “normal” is meant a spin
in which the ailerons me neutral, the elevator hard
up, and rudder hard over. When ailerons are de-
scribed as ‘twith the spin” the control column waa
moved hard over so that the deflection of the aiIerons
would normally give a rolling moment in the direction
of roll of the particular spin. The opposite sense is
meant by “ aiIerons against spin. ”

Since it is diflicult to transform the data in Tables I
and II into a mental picture of the attitude of the air-
plane, several tiws of an airplane model set in the
proper position for two of the spins are given in
I?igure 7. In the first view, for each spin, the axis
of the camera is directed outward along the radius
of spin through the c. g. In the second, the axis
of the camera is directed along the Y ground axis
toward the o. g., and in the third the axis of the camera
is directed downward through the c. g. along the Z
ground axis (paralIel to the spin axis). In order to
further assist in visualizing the positions, the projec-
tions of the ground axes have been drawn on the back-
ground.

PRECISION

The recording instruments were calibrated fre-
quently to eliminate errors due to calibration changes.
The effect of lag, which is small in any event; can be
neglected, since several seconds were allowed for the
instruments to come to full deflection before the records
were taken. The effect of temperature changes on
these instruments was investigated and found to be
negligible for the turn meters, but appreciable for the
accelerometer. However, the error in recorded ac-
celerations due to this effect is not more than 2 per
cent.

The method of calculating vertical velocity from the
vertical displacement measured by the Paulin alti-

meter and the time for this displacement as given by
the timing intervals on the record was checked againsb
the camera obscura method. The vertical velocities
found by the two methods in actual spins check within 2
per cent. As it is believed that the error in working up
camera obscura records k possibly 1 per cent, the total
error in the vertical velocity may be 3 per cent. Cor-
rections for variation of atmospheric conditions from
those of standard air were not made bocauso tho magni-
tude of such corrections ia small compared with oLhcr
errora of measurement of loss of altitude and because of
the dif%cu~ty of obtaining a record of temperatures.
I?urthermore, the records show that tho variation of
vertical velocity in similar spins was within 3 per cent
of the average vake; hence, the actual vertical veloc-
ities of the spins must have been very nearly constant
and the error of measurement smaI1. The effect of
changes of air density on the spin itself should be not
great, since all the records were taken at about the
same &andard altitude (3,000 feet).

It is possible to check the accuracy of the rotation
and acceleration records, since the vertical component.
of force on unit mass, when acceleration is in units of
gravity, should be 1.0. Inspection of the values
given in column 14, TabIe II, shows that for most of
the flights this component of force checks within 3
per cent. The calculated. values involving only the
rotation and acceleration records are subject to
approximately the same error. Values involving
vertical velocity in addition to the above records am
subject to a possible error of about 6 per cent, except
for angks, in which case the error is probably about
0.5°.

The accuracy of the experimentally determined
momental ellipsoids, which were used in the computa-
tion of the rwults, will be discussed in a report soon
to be published on this subject. It will suffice to say
that the errors are less than 2 per cent for the VE-7
and, due to improved app&atus, leas than 1 per cent
!or the NY–1.

DISCUSS1ON

The data given in the tabks were obtained in flights
nade to test the feasibility of the method. They are
neaaurements of spins of only two airplanes and there
rere no changea made in any of the aerod~amic or
nass characteristics in either case, so that a general
kudy of the factors which influence spinning is not
]ossible; but they are satisfactory for the purpose of
w%blishing the suitability of this system of measuring
;he elements of a spin, Attention is called to the close
ugreement of all the values in the similar spins, flights
NOS.16, 17, and 18. The air was quiet and conditions
kady on the day they were made; consequently, th~
Lpins were probably almost identical.

The computations made in this study are extensive
md somewhat involved; hence, the accuracy of the
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measured data must be very great for the results ti be
of value. The accuracy obtained thus far appears
to be satisfactory. However, a few improvements in
the instrument imtallation, notably, provision of a
constant temperature compartment for the acceler-
ometer and some improvements in the details of the
flight procedure, are being effected, which will give
greater accuracy than that reported herein.

b investigation of the spinning characteristics of the
NY–1 airplane by this method is now in progress. In
this work the effect of changes of several quantities is
being determined. Among the variables under con-
sideration at present are mass distribution, balance,
wing loading, and size of tail surfaces. A study is being
made to extend the method to include entry into and

recovery from a spin, as well as the fully developed
spin, so that these phases may also be investigated.

CONCLUSIONS

The method described herein for measuring com-
pletely the angular and linear velocities, dimensions of
the flight path, and the forces and couples acting on an
airplane in a spin is satisfactory. The precision of the
results is sufficient to make possible studies of the effect
of altering the properties of the airplane.

LAPTGLEY MEMORIAL AERONAUTIC= LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERO-
NAUTICS,

LANGLEY FIELD, VA., October 7, 19$0.



NOTATION
Rotation:

p angular velocity in roll referred to body axes.
q &ar velocity in pitch referred to body a-ma
r angular velocity in yaw referred to body axes.
Q resuhnt anguIar velocity.

Force:
X‘ inertia and gravity force component along

X body &KiS.
Y inertia and gravity force component along

Y body tiS.
z inertia and gravity force component along

Z body a&.
resultant force.

~“ ~ert.ical component of resultant force in
ground USS.

X“ horizontal component of resultant force in
ground axes.

In body ucs: ~nprimed Iettem refer to body axes;
subscripts refer to vector.)

[B, mE,n~ dir;r~m cosines of resuhnt
.

[Zt., mzlt, nz,t direction cosines of resultant
rotation (Z ground axis).

lXW,naxrt, nx- direction cosines of radius of
Spin (X ground R*).

1=-, m=,,, n=,, direction cosines of Y ground
axis.

[Q, ?n*, 72* direction cosines of resultant
gyroscopic couple.

In ground ases: (Double primed letters refer to ground
axes; subscripts refer to ~ector.)

direction cosines of ~~ht path.

direction cosines of Y body axis.

direction cosines of X body axis.

directiqn cosines of resultant gyro-
scoplc couple.

(Superscript IV refers to principal
rums, subscripts to vector.)

direction cosines of rmdtant
gyroscopic couple.

u angle between resdtan~ rotation and remdtant
force vactors.

.
i, ~, k proportional to ihection cosines of radius

of Spill in body axes.
a helix angle of ftight path measured from

Tertical.

~ThecapitalIetten, X, Y, and Z may referto either 8 fwceakg the axh or the
axfaIts@If.

velocity aIong flight path.
horizontal velocity in ground ax=.
mrticaI velocity in gromd axes.
angle of attack referred to X axis of air-

plane.
angle of side slip.
might of airplane.
angle between ilight path and X axis

(body)
component of rotation about principal X

ati.
component of rotation &bout principal Y

axis.
component of rotation about principal Z

ati.
couple about principal X axis.

—

couple about principal Y axis.
couple about principal Z ask.
resultant gyroscopic couple.

.-

rnoment of inertis about principal X axis. .—
moment of inertia about principal Y a.ti.
moment of inertia about principal Z axis.
angle between body X asis and principal

X axis.
span.
moment of inertia of propeller about its

axis of rotation.
angular velocity of propeller with respect

to the airplane.
couple due to propeller about X body axis

of airgdane.
couple due to propeller about Y body axis

of airplane.
couple due to propelIer about Z body axis

of airplane.
The airplane body axes have their origin in the

c. g. and are directed as follows:
- Dfrectkm

X Forward, paraIleI with thrust axis in phme
of symmet~;

Y To starboard (&Uht), perpendicular to plane
of symmetry;

Z Downward, perpendicular to X a.sis in plane
of symmetry.

Semse of positive angular velocities and moments is in
the following order: X to Y, Yto Z, and Z to X. The
axes called ground axes have their origin in the c. g. of
the airplane and have directions simply related to the
ground, although, as the airplane traveIs around its

279
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path, these axw turn with the c. g. The sketch
(fig. 8) gives an instantaneous arrangement of the
ground axes.

c1
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/ %
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0,7;s

\
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~---- ------
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~&

of S/oh
and X
g-wrd
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flz+t
path is
~nel--
afed

Fmurm S.-Instantaneous arrrm@mantof~und axes

DERIVED VALUES

The dmivation of lE, mE, n~ and lz~,,
and R is indicated by their definitions.

Cosu = (1Rlztt+?na nazt)+?z~ rlzt)).
x“ =Rsinc.

?nZtt, ?tZt),Q,

z,, ==R cos a (=1.0 if data are exact).

Radius=~.

It
Xffg

‘o =~w=@%7

{

Direction components of line
i= lB— 12.,1Cos u perpendicular to spin axis
j=~n– mz!t cos intersecting force line at
k= n~– nztf Cos 0- unit distance form the ori-

gin.
.

1=””+

m’”=+ ‘--” ““ ‘

~xj~= #+;iTk,” .:;

Direction cosines of the Y“ ground axis in the body
axes are found from a solution of:

lZ,JY,,+ mzt,my,t-?-nz,my,,= O
lxjllyl, + mx,lmy,l + n.xtmy,, = O
lyj,lyj, +myl)my,)+ny,tnytt = 1

In

mzltnz)) Yz,l nzlt
ly,t = my))= —

XIInxJf lx,, nxtl
lZI1mzlj

nytf =
J=,, mxjt

8 = tan-l$

lftr co

m“v= +sin 6 [(–) for right hand,
(+] for left-hand spins.]

n’fv = cos 8
1“= = –mxtt 1“= =lx’!
mf’y=myll mltx=ly,,
nr’y = &mz,l n“x = + lZ,,[(+ ) for right “–

hand,
(-) for left

hand spins.]

(angle between a~=sin-l (~ ’’vm’’y+vn”y)”y) ~eand a plane.)

P=cos-l (m’’vm’’x+pn”x)”x)

()
Cosp~. ~s-l —
C@?

Siii6 the motion in the spin is steady, the Eulor
equations reduce to the folIowing expressions for tho
moments acting on the airplane about the prini.iprd

—

axes. These moments are produced by the aerody-
namic forces on the airplane.

L’v = – (B’ C’)fl?v
Mfl= – (C–A)$vpw
Nrv=_ (A– B)@vq’v

The values of prv, #v, #’ me derived from p, g, r as
follows :

Derivation of F($t m~l n% and Q is indicated by

their definitions.
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Then: Distance of center of pressure of whole airphme aft of

lo=l~ cm T–n% sin ~ ~ ~ .w+mm
. . w-z

~Q=~~

Gyroscopic couples due to the propeIler:
nQ=n& cos T+l~sin T [These expressions are approximations,

and All= Iur

./

but the magnitude of the effect com-

~~= ~x” ~Q + ~X”~Q + nX”nQ A.iV=Iuq
pared to the other eimiIar quantities
is so small that a more complete

//
m =lr’’la+ my”ma -1-ny”na treatment is not warranted.

n%=l “ la-!- ?&’’mQ+nz”nQ (=0 if data are eXaCt..) Spin coefficient - ‘fi!~
Q

TABLE I—MEASURED QUANTITIES

-~~~ Z;m~~$;+‘;
7HKIuNo.~

4 L&.. . . ‘,
6 RL...
S R---- Jan: 14 1929 V&?

2 E.._-. Jan ’29,I!xO ~y;lurL:v: I -;: rmyr.’:’r!;: -=1 .- ~chrtiopti
8 R-..-’ L..–.

-. ----

r-

.4
6 R___ R&L L Iwo

Do.’
.a Do.

1 E—--- Jan. 25, IW6
; :.-1-. Feb. & 192JY

.1 ! h’onnaL

.- - Feb. & 1924
a R._.- FelL & 1930
9 Ft--- Feb. 1~ IWI

g g___ Feb. 11, 1936
----- Feb. @ IWJI

16 L.._-
17L--..- .?.?do??!!!!--
I$L ---- _-do-_–––

1

1

L64 , .Udl L61
L& .aca Li6
L45 .076

.0$9 ::
i% IA’/
L76 -:%
LS2 k:

-. S26 LW
M –. 46s

-L 69 . ml –?%
-L M . 2!21 –LS6
-L M . a(l –L 86

NY-1
NY-1
N-?-I
h Y--I
NY-I
NY-1
NY-I
NY-1
NY-1
NY-I
NT--l
NY-L

RevoI~tionsper+ W *-i 603~@mctf@lY‘+istaut for* ephs)

sR rf@t- SK@L Mkbfmd mbi.
TABLE 11.-COMPUTED QUANT~IES

4 L____—-
6 R_______
8 B----------
; &.__..-

6 R_.__.I
1 R- . . .._.. -
6 R.._. .-...-
7 IL_. _.._-

1

8 R._.__.-
0 R_.-- . . . .
12R.. . . . . . ..-
13It_. -------
16L_.-. _..-
17L_...––
ISL----------

VII-i
VIZ-i
W&i
NY-1
NY-1
m-l
NY-1
m-l
NY-1
m-l
NY-1
NY-1
NY-1
m-l
m-l
NY-1

I
i

1

I

;O#

x 75
!489

U
!12a
X46
246
Z62
201
am
a.17
2.46
246
247

60.8 16.1
88.2 -7.8
6S.6 11
4?L8
47.2 :;
4h6 2’.0
Blz &o
42.2
39.1 ::
45.6
47.7 –t $
6L6 147
40.4 1::
48.8
48.4 ::
4s.5

—

— ..-

V.4

-
.. ..

-.-
.—
.—

—
-—

---
-..

.—
--

----

—-:-
——

..—
.—

.—
~

1Poeftfve@ ieside-sIIPoatward; negative,Ln?nud.

~l!3
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